During the past ten years several non-dipole giant resonances have been observed and classified. 1 A great deal of the successful classification of the resonances has been accomplished through the use of a variety of hadronic probes, utilizing either inelastic scattering or charge exchange reactions. The potential advantages (and disadvantages) to the use of heavy ions to excite giant resonances have been pointed out previously. 2 However, little data have been taken due largely to the lack of heavy ion beams having sufficient energy to provide resonance cross sections comparable with those achieved with lighter ions. Figure 1 illustrates the need for rather high energy heavy ions for giant resonance excitation. The solid curve shows the grazing angle cross section for inelastic excitation of L=2 and L=4 states at 12 MeV of excitation energy which deplete 100% of the energy weighted sum rule (EWSR). The calculations were performed using a "heavy-ion version"
3 of the collective model DWBA code DWUCK. The calculated cross sections increase very rapidly with increasing beam energy. For 400 MeV (25 MeV/amu) the L=2 cross section is predicted to be nearly 50 mb/sr. Such large cross sections make the heavy ion a potentially exciting probe for giant resonance studies.
An e a r l y example4 o f the e x c i t a t i o n o f giant resonances by low-energy heavy ions i s shown i n f i g u r e 2. These spectra are from 200 MeV 12C i n e l a s t i c s c a t t e r i n g from 208Pb. Also shown i n t h e f i g u r e are spectra from 120 MeV alpha p a r t i c l e inel a s t i c scattering. A peak i s c l e a r l y v i s i b l e i n the heavy i o n spectrum a t - 10.6 MeV, the energy o f the giant quadrupole resonance (GQR) and c l e a r l y agrees w i t h t h e energy o f the peak seen i n the (a,a) spectrum. The -3 mb/sr cross section f o r the GQR i n t h e 12C spectrum i s considerably l e s s than t h a t obtained f o r the 120-MeV i n e l a s t i c alpha p a r t i c l e scattering. Furthermore, the peak t o continuum r a t i o f o r the GQR i n t h e 12C spectrum i s considerably poorer than t h a t f o r the 120 MeV a -p a r t i c l e spectrum. Such a small cross section i s i n agreement w i t h calculat i o n s s i m i l a r t o those shown i n f i g u r e 1.
I n t h i s presentation we show the r e s u l t s o f i n e l a s t i c s c a t t e r i n g measurements o f giant resonances i n 208Pb and 9oZr using 400 MeV 160 ions. The cross sections are '200 large, as was predicted i n f i g u r e 1, and t h e peak-to-continuum r a t i o i s s u r p r i s i n g l y large. W e have taken advantage o f these features t o study t h e photon decay 400 o f g i a n t resonances i n 208Pb. f o r 90Zr. The 208Pb t a r g e t s were enriched (99%) self-supporting f o i 1s 0.8 and 2.0 mg/cm2 t h i c k , and t h e 90Zr t a r g e t , a l s o a self-supporting f o i 1, was 2 mg/cm2 t h i c k .
Giant resonances i n 90Zr and 208Pb were excited i n t h e present measurements by i n e l a s t i c s c a t t e r i n g o f 350-and 400-MeV
The scattered charged p a r t i c l e s were detected by cooled s i l i c o n surface b a r r i e r telescopes cons i s t i n g o f 500 pm and 1500 um detectors o f 150 mn2 area. The energy r e s o l u t i o n was t y p i c a l l y reactions a t E1zC = 200 MeV and 2°8Pb(a,a')208Pb about 550 keV FWHM. The scata t E , = 120 MeV. t e r i n g angle subtended by t h e telescope c o l l i m a t o r s was 1.3'.
The e x c i t a t i o n range of these telescopes w i t h 400 MeV 160 ions was about 80 MeV i n the i n e l a s t i c channel. The e x c e l l e n t mass r e s o l u t i o n obtained f o r the oxygen isotopes i s i l l u s t r a t e d by the AE-E p l o t i n f i g u r e 3 and by a p r o j e c t i o n ( i n s e r t ) o f those events which have t h e same energy l o s s as t h e i n e l a s t i c a l l y scattered 160 ions i n t h e g i a n t resonance region MeV e x c i t a t i o n ) . Figure 4 i s the 160 singles spectrum obtained a t 12' ( l a b ) w i t h t h e 2 mg/cm2 2!8Pb t a r g e t a t 400 MeV bombarding energy. The peak on the f a r r i g h t i s from the t a i l o f t h e e l a s t i c scattering, most o f which has been eliminated by a s i n g l e channel discriminator. The peak a t 2.6 MeV i s the 3-staie, and t h a t at 4.1 MeV i s a comb i n a t i o n of the 4.08 MeV 2' s t a t e and 4.32 MeV, 4 state. The broad s t r u c t u r e I  I  I  I  I  I  I  400  600  800  (000 4200  4400 4600 4800 2000 F i g . 4 -I n e l a s t i c s c a t t e r i n spec-CHANNEL NUMBER t r u m a t 12 degrees from t h e q 0 8~b (160,160') r e a c t i o n s a t 400 MeV. The F i g . 3 -A€-E spectra f o r oxygen i s o t o p e s s o l i d curves show a decomposition of from r e a c t i o n 208Pb(l60,160') a t 400 MeV t h e spectrum i n t o resonance peaks and ( A € -o r d i nate, E-abscissa).
u n d e r l y i n g c o n t i nuum.
between 5-and 10-MeV e x c i t a t i o n i s due t o i n e l a s t i c e x c i t a t i o n o f both t h e t a r g e t and t h e p r o j e c t i l e .
C o n t r i b u t i o n s t o t h e s i n g l e s spectrum from p r o j e c t i l e e x c i t a t i o n a r e p r i m a r i l y due t o t h e 6.13-MeV 3-and 6.92-MeV zf.states, which a r e Doppler broadened.with w i d t h s of -3 MeV. P r o j e c t i l e excitation o f s t a t e s above t h e 7.2 MeV p a r t i c l e emission t h r e s h o l d should be n e g l i g i b l e .
The g i a n t resonance r e g i o n between 9-and 20-MeV e x c i t a t i o n was decomposed i n t o several peaks above t h e u n d e r l y i n g n u c l e a r continuum shown as a s o l l d smooth curve i n f i g u r e 4. The s t r u c t u r e between 9 and 20 MeV which remained a f t e r background s u b t r a c t i o n was decomposed i n t o t h r e e Gaussian peaks a t 10.9-, 13.7-, and 17.6-MeV e x c i t a t i o n by a l e a s t squares f i t t i n g procedure. The peak a t 10.9 MeV was assumed t o be t h e GQR and i t s w i d t h ( r ) was f i x e d d u r i n g t h e f i t t i n g p r ocedure a t 2.4 MeV FWHM.1 The peak a t 13.7 MeV was assumed t o a r i s e from both t h e GMR (Ex = 13.6 and r = 3.6 MeV) and t h e Coulomb e x c i t e d GDR (Ex = 13.5 MeV and r = 4.0 MeV). The w i d t h o f t h i s peak was f i x e d a t 3.6 MeV. The background and f i t t e d peaks f o r 12' ( l a b ) a r e i n c l u d e d i n f i g u r e 4 and denoted by t h e s o l i d l i n e s . The d o t t e d l i n e o f t h e low energy s i d e o f t h e 10.9 MeV peak (GQR) i s an e s t i m a t e o f t h e c o n t r i b u t i o n o f t h e Doppler broadened 160 e x c i t a t i o n s and o t h e r 2O8Pb e x c i t a t i o n s t o t h e GQR region. Some evidence, although n o t conclusive, f o r a peak a t 17.6-MeV e x c i t a t i o n w i t h a w i d t h o f 4 MeV was a l s o observed.
I n addit i o n t o t h e resonance s t r u c t u r e observed between 9 and 20 MeV, s t r u c t u r e i s observed between 20-and 45-Mev e x c i t a t i o n (see Fig. 4) . A p o s s i b l e e x p l a n a t i o n f o r t h i s s t r u c t u r e i s t h e p a r t i c l e decay o f t h e e x c i t e d e j e c t i l e s from t h e p r o t o n and neutron pickup r e a c t i o n s , viz. and Such contamination o f t h e heavy-ion i n e l a s t i c s i n g l e s spectrum i s analogous t o problems encountered i n ( a , a ) measurements. Since t h e p o s i t i o n ( o r apparent e x c i t a t i o n ) o f these decay products i n t h e i n e l a s t i c spectrum i s dependent upon t h e r e a c t i o n kinematics, i t i s p o s s i b l e t o d i s t i n g u i s h between t h e decay products and e x c i t a t i o n s o f t h e t a r g e t by p e r f o r m i n g t h e measurements a t a d i f f e r e n t bomb a r d i n g energy. Accordingly, measurements were made on 208Pb a t 350 MeV bomb a r d i n g energy. A comparison o f t h e 160 s p e c t r a from 9 MeV t o 55 MeV e x c i t a t i o n o b t a i n e d a t 350 MeV (14O) and 400 MeV (12') i s shown i n f i g u r e 5. The broad s t r u c t u r e between 22 and 45 MeV i n t h e 400 MeV spectrum i s a l s o e v i d e n t a t 350 MeV, and has n e a r l y an i d e n t i c a l shape. However, i n t h e 350 MeV spectrum t h e e n t i r e s t r u c t u r e i s s h i f t e d t o lower e x c i t a t i o n energies by about 2.5 MeV. T h i s value i s i n good agreement w i t h t h e 2.4 MeV s h i f t expected from t h e k i n e m a t i c s o f t h e (160,170) and (160,17F) r e a c t i o n s a t t h e two bombarding energies. Thus, i t i s c l e a r t h a t most, i f n o t a l l , o f t h e s t r u c t u r e from 22 t o 45 MeV e x c i t a t i o n i s due t o t h e decay o f pickup products.
F i g u r e 6 shows a h i g h e x c i t a t i o n energy s ectrum from an e a r l i e r measurement5 o f i n e l a s t i c s c a t t e r i n g o f 315 MeV 160 from 4 0 8~b . I n a d d i t i o n t o t h e c l e a r l y v i s i b l e GQR peak a t -10.6 MeV t h e authors observe a peak a t 19.7 MeV e x c i t a t i o n which they assign as a 3-, 5-e x c i t a t i o n . We observe no evidence f o r such a eak i n e i t h e r t h e 400-MeV o r 350-MeV data. However, we i n t e r p r e t t h e peak a t 19.P MeV i n t h e 315 MeV spectrum as t h e same peak observed a t -21 MeV i n t h e present 350 MeV s p e c t r a and a t -23.5 MeV i n t h e 400 MeV spectra, i .e. i t i s an a r t i f a c t o f t h e decay o f t h e p i c k u p products. F i g u r e 7 i s t h e s i n g l e s spectrum o b t a i n e d a t go ( l a b ) w i t h t h e 2 mg/cm2 90Zr t a r g e t a t 400 MeV bombarding energy. The e x t r a c t e d e x c i t a t i o n energies f o r t h e GQR and t h e GDR + GMR sum agree w e l l w i t h t h e e x p e r i m e n t a l l y accepted values o f 14.0-, 16.8-and 16.8-MeV f o r t h e GQR, GMR, and GDR, r e s p e c t i v e l y . The r e s u l t s o f t h e f i t t i n g procedure a r e denoted by t h e s o l i d l i n e s i n f i g u r e 7. Again t h e d o t t e d l i n e represents t h e " t a i l " o f t h e low l y i n g e x c i t e d s t a t e s and p r o j e c t i l e e x c i t a t i o n s . A peak w i t h a c e n t r o i d a t 23 MeV and w i d t h o f -5 MeV p e r s i s t s a t a l l angles.
I n a c o n t r i b u t i o n 6 t o t h i s conference spectra a r e presented f o r 30 MeV/amu 13C i n e l a s t i c e x c i t a t i o n o f g i a n t resonances i n 208Pb, 9 0 Z r and 58Ni. The s p e c t r a a r e very s i m i l a r t o those shown here u s i n g 160 as a probe. The cross s e c t i o n s are l a r g e and t h e peak t o continuum r a t i o s a r e a l s o very favorable.
I n f i g u r e 8 we show a comparison between t h e g i a n t resonance s t r u c t u r e observed i n 208Pb as e x c i t e d by 400 MeV 160 i o n s and 152-MeV, alpha p a r t i c l e s . The two s p e c t r a a r e normalized a t 22 MeV o f e x c i t a t i o n energy. The s o l i d l i n e drawn under b o t h s p e c t r a i n d i c a t e s o n l y an approximate "background" l e v e l t h a t may be used as an a i d t o compare t h e two spectra. The s o l i d curves i n each spectrum a r e t h e shapes o f t h e GQR peak. As was discussed e a r l i e r , t h e heavy i o n spectrum c o n t a i n s a very l a r g e peak from e x c i t a t i o n o f s t a t e s i n t h e 160 p r o j e c t i l e . T h i s e f f e c t i s , o f course, n o t present i n t h e alpha p a r t i c l e s c a t t e r i n g so t h a t much more s t r u c t u r e i s seen below t h e g i a n t resonance peak. The most obvious d i f f e r e n c e i n t h e two s p e c t r a i s t h e very much l a r g e r peak-to-continuum r a t i o i n t h e case o f t h e heavy-ion s c a t t e r i n g , over t w i c e t h a t observed w i t h alpha p a r t i c l e s . Although, as w i l l be described below, t h e heavy-ion cross s e c t i o n s a r e somewhat l a r g e r than f o r a l p h a -p a r t i c l e s c a t t e r i n g , most o f t h e improved peak-to-continuum r a t i o comes from a reduced continuum cross section.
While t h e g i a n t resonance s p e c t r a from heavy-ion i n e l a s t i c s c a t t e r i n g shows cons i d e r a b l e improvement over s p e c t r a o b t a i n e d w i t h alpha p a r t i c l e s o r protons, heavyi o n e x c i t a t i o n has a s e r i o u s disadvantage i n t h e angular d i s t r i b u t i o n s .
F i g u r e 9 shows c a l c u l a t e d a n g u l a r d i s t r i b u t i o n s f o r t h e i n e l a s t i c e x c i t a t i o n o f L=2, 3 and 4 s t a t e s a t 10.9 MeV by 400 MeV 160 ions. Except f o r some small d i f f e r e n c e s a t very small angles, t h e angular d i s t r i b u t i o n s a l l look a l i k e . This f a c t makes heavy-ion angular d i s t r i b u t i o n s n e a r l y useless f o r m u l t i p o l a r i t y i d e n t i f i c a t i o n , a t l e a s t i n t h i s general energy range. It i s i n t e r e s t i n g t o compare t h e heavy i o n l a s t i c s c a t t e r i n g o f 160 a t 315 MeV on 208Pb. The arrows on t h e h o r iz o n t a l a x i s i n d i c a t e expected p o s it i o n s o f p r o j e c t i l e e x c i t a t i o n s b u i l t up i n l o w -l y i n g t a r g e t s t a t e s . The l a b e l 150 denotes t h e p o s i t i o n o f l o w -l y i n g t r a n s i t i o n s i n t h e (16O,l5O) r e a c t i o n . F i g . 7 -I n e l a s t i c s c a t t e r i n g spectrum a t 9 degrees from t h e r e a c t i o n 90Zr(160,160') a t 400 MeV. The s o l i d curves show a decomposition o f t h e spectrum i n t o resonance peaks and underl y i n g continuum. I n t h e p r o t o n case t h e angular d i s t r i b u t i o n s f o r d i f f e r e n t L -t r a n s f e r s peak several degrees a p a r t which p e r m i t s accurate m u l t i p o l a r i t y i d e n t i f i c a t i o n .
F i u r e 11 shows d i f f e r e n t i a l cross s e c t i o n s e x t r a c t e d f o r g i a n t resonances and t h e 2.81 MeV, 3-, s t a t e i n 208Pb. F i g u r e 12 shows t h e cross s e c t i o n s f o r t h e g i a n t resonances i n 90Zr. The s o l i d curves on both f i g u r e s are DWBA c a l c u l a t i o n s i n which t h e standard c o l l e c t i ve-model form f a c t o r ( i .e., a deformed Woods-Saxon p o t e n t i a l ) i s used f o r t h e n u c l e a r p a r t o f t h e e f f e c t i v e i n t e r a c t i o n . F o r t h e 2.61 Mev, 3-, s t a t e i n 208Pb and f o r t h e GQR i n both n u c l e i , t h e Coulomb and n u c l e a r deformation l e n g t h s were s e t equal t o each o t h e r (pnr = Bcrc). F o r t h e T=l, GDR c a l c u l a t i o n s , i t was assumed t h a t t h e resonance was eoulomb e x c i t e d only. The GMR (L=O) c a l c u l a t i o n s were made w i t h t h e Oak Ridge v e r s i o n o f t h e computer code DWUCK, i n which t h e form f a c t o r f o r L=O t r a n s i t i o n s i s s i m i l a r t o t h a t o f t h e standard c o l l e c t i v e model, but i s supplemented by a volume-conserving t e r m suggested by S a t~h l e r .~ The DWBA c a l c u l a t i o n s f o r t h e 3-s t a t e i n 2O8Pb were made w i t h a Coulomb d e f o rmation of 6, = 0.110, which corresponds t o B(E3) = 0.600 e2b3, i n good agreement w i t h experimental B(E3) values. As shown i n f i g u r e 11, t h e r e i s good agreement between t h e experimental and c a l c u l a t e d angular d i s t r i b u t i o n s f o r t h e 3-s t a t e . T h i s agreement, although parameter dependent t o some degree, gives confidence t h a t resonance sum-rule s t r e n g t h can be p r o p e r l y deduced from heavy-ion i n e l a s t i c s c a tt e r i n g .
It i s i n t e r e s t i n g t o note t h a t 200-300 MeV p r o t o n i n e l a s t i c s c a t t e r i n g does n o t y i e l d c o n s i s t e n t l y c o r r e c t B(EL) values.
The g i a n t resonance c a l c u l at i o n s shown i n f i g u r e s 11 and 12 have been normalized t o s t r e n g t h s p r e v i o u s l y deduced from o t h e r rneasurements.1 F o r 208Pb we used f o r t h e GQR, GDR and mR, 80%, 100% and 100% o f t h e EWSR, r e s p e c t i v e l y . F o r 90Zr, we used 60%, 100% and 100% f o r t h e GQR, GDR and GMR, r e s p e c t i v e l y . E x c e l l e n t agreement i s o b t a i n e d 
W e have assumed t h a t the 13.7 MeV peak i n 208Pb and t h e 16.8 MeV peak i n 9 0 Z r are composed o f both t h e T=l, GDR and the T=O, GMR.
The
heavy-ion angular d i s t r i b u t i o n s o f f e r l i t t l e hope f o r m u l t i p o l a r i t y ident i f i c a t i o n .
I n addition, strong e x c i t a t i o n o f s t a t e s i n the p r o j e c t i l e and peaks from pickup reactions tend t o confuse the resonance spectra.
However, t h e l a r g e cross sections and outstanding peak t o continuum r a t i o o f f e r s i g n i f i c a n t advantages f o r measurements o f t h e decay o f t h e giant resonances. It i s t o t h i s problem t h a t we address the remainder o f the presentation. I n part i c u l a r , we present here the f i r s t measurements o f the photon decay o f t h e highl y i n g giant resonances.
I n f a c t , we have measured both the neutron and y-ray decay simultaneously. I n t h i s t a l k we only present p r e l i m i n a r y r e s u l t s f o r t h e y decay i n 208Pb. More data have been taken and when they are analyzed t h e stat i s t i c a l u n c e r t a i n t i e s should be reduced by -50%. Measurements have a l s o been made on 90Zr.
Many features o f giant resonance e x c i t a t i o n s may become b e t t e r understood through measurements o f t h e photon decay. Among these are: d i r e c t determination o f the B (EL ) f o r t h e various resonances, determi nation o f the y-ray angular d i s t r i b u t i o n s and thus establishment o f the resonance m l t i p ol a r i t y , search f o r high-L strength v i a t h e y-decay schemes and examination o f t h e microscopic s t r u c t u r e o f the GQR i n terms o f the coupling o f l p -l h states t o low-lying surface v i b r a t i o n s such as the 2.61 MeV, 3-s t a t e i n 208Pb.9
Figure 13 shows some o f the 208Pb l e v e l s which are relevant t o t h e present decay measurements. The g i a n t resonances are shown as broad states l y i n g between -9
and 16 MeV. I n t h i s study we deal w i t h t h e 10.6 MeV, 2.4 MeV wide GQR, the 13.9 MeV, 3.6 MeV wide GMR, and t h e 13.9 MeV, 4.0 MeV wide GDR. These giant resonances l i e w e l l above t h e p a r t i c l e thresholds.
However, the l a r g e Coulomb b a r r i e r ensures t h a t the decay o f the resonances i s overwhelmingly dominated by neutron decay.
Indeed, t h e photon decay branch o f the GQR cat be estimated t o be ( f o r
100% o f t h e EWSR and a 2.4 MeV wide s t a t e ) only -10-o f t h e t o t a l decay o f the
state. The neutron decays w i l l , o f course, populate r a t h e r low-energy states i n 207Pb.
There are p r i m a r i l y two experimental c a p a b i l i t i e s a v a i l a b l e a t HHIRF t h a t c o n t r ibuted t o our successful y-decay measurements. The f i r s t , discussed above, i s t h e use o f -25 MeV/amu heavy ions t h a t e x c i t e t h e giant resonances w i t h l a r g e cross sections and y i e l d l a r g e resonance peak-to-conti nuum r a t i o s . For t h e decay measurements we used i n e l a s t i c s c a t t e r i n g o f 381 MeV 170 t o e x c i t e the resonances. We chose 170 because t h e p a r t i c l e thresholds are very low and thus t h e p r o j e c t i l e e x c i t a t i o n cross section near t h e G R region i n 208Pb i n coincidence w i t h outgoing 170 i s n e g l i g i b l e . The second, and c e r t a i n l y most important, feature i s the decay t o i n d i v i d u a l l e v e l s i n Fig. 13 -S e l e c t e d l e v e l s i n 208Pb and 207Pb. 207Pb. However, t h e r e s i d u a l The c o n f i g u r a t i o n l a b e l s on t h e 2O7Pb s t a t e s e x c i t a t i o n energy i n 207Pb r e f e r t o n e u t r o n h o l e s t a t e s . f o l l o w i n g neutron emission i s a c c u r a t e l y determined from t h e t o t a l gamma-ray energy i n t h e S p i n Spectrometer. e x i s t e n c e a t ORNL o f t h e Spin
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Charged r e a c t i o n products were d e t e c t e d i n s i x S i s u r f a c e b a r r i e r d e t e c t o r telescopes each c o n s i s t i n g o f a 500 um t h i c k AE and a 1500 um t h i c k E d e t e c t o r . These d e t e c t o r telescopes were t h e same as those used i n t h e s i n g l e s measurements and p r o v i d e d e x c e l l e n t mass separation. The t e l e s c o p e mount i s shown i n f i g u r e 15. The p f p e connections a r e f o r c o o l i n g l i q u i d . Each t e l e s c o p e was covered w i t h a t r a p e z o i d a l c o l l i m a t o r having an opening angle o f ~8 = 3' and A$ = go, y i e l d i n g a t o t a l s o l i d angle f o r t h e a r r a y o f 22.6 msr. F i g u r e 16 shows t h e chargedp a r t i c l e d e t e c t o r a r r a y mounted i n s i d e t h e Spin Spectrometer s c a t t e r i n g chamber.
A t a r g e t i s seen i n t h e chamber c e n t e r and NaI elements surround t h e chamber. 
3--o+ -The E and AE s i g n a l s from each t e l e s c o p e were g a i n matched and summed f o r t o t a l energy which a l o n g w i t h t h e AE s i g n a l , NaI p u l s e heights, t h e t i m e between t h e p a r t i c l e t e l e s c o p e t r i g g e r and each NaI d e t e c t o r pulse, and t h e t i m e o f t h e t e l e s c o p e t r i g g e r r e l a t i v e t o t h e c y c l o t r o n r.f., were d i g i t i z e d f o r each event.
16 device, which i s a 471, segmented NaI gamma ray spectrome t e r c o n s i s t i n g o f 72 NaI , and -7.6 cm i n diameter a t t h e f r o n t and 15.2 cm diameter a t t h e back. I n t h e present experiment 10- (shown i n f i g u r e 14), t h e NaI elements a t 0" and 180" ( r e l a t i v e 
Neutrons and gamma rays were d i s t i n g u i s h e d by t i m e o f f l i g h t .
0 
The f l i g h t path i s t o o s h o r t t o We have c a l i b r a t e d t h e NaI d e t e c t o r s f o r h i g h energy y rays u s i n g t h e lTC(p,p')12C r e a c t i o n w i t h 24-MeV protons. T h i s r e a c t i o n , i n which we d e t e c t e d t h e i n e l a s t 1 -c a l l y s c a t t e r e d protons i n coincidence w i t h t h e decay
) No neutron p u l s e was seen by t h e spectrometer, and b ) t h e t o t a l energy c a r r i e d away by gamma r a d i a t i o n accounted, w i t h i n t h e r e s o l u t i o n o f t h e d e t e c t o r s i n v o l v e d , f o r t h e t o t a l e x c i t a t i o n energy of 208Pb i n t h e event, as determined by t h e energy o f t h e i n e l a s t i c a l l y s c a t t e r e d '70.
-Mount f o r t h e charged spectrometer i s shown w i t h one h a l f p a r t i c l e telescopes. The d e t e c t o r s p u l l e d back t o expose t h e s p h e r i c a l
a r e i n p l a c e behind t h e t r a p e z o i d a l s c a t t e r i n g chamber.
c o l 1 i mators. Figure 17 which shows a two-parameter histogram o f events i n which NaI pulses were detected i n coincidence w i t h a charged p a r t i c l e i d e n t i f i e d as 170 i n one o f the telescopes. The abscissa i s t h e e x c i t a t i o n energy i n t h e i n i t i a l 208Pb nucleus derived from t h e energy o f the 170. The ordinate i s t h e sum o f the gamma ray energies detected i n t h e spectrometer. These should be events i n which no neutron pulse was detected, but since v i r t u a l l y a l l the GR decay i s v i a neutrons [above E*(208Pb) - 8 MeV] , and since the neutron detection e f f i c i e n c y i s less than loo%, t h e requirement o f t h e absence o f a neutron pulse s t i l l leaves a substantial background o f n-decay events. However, these background events are w e l l separated from pure y-decay events because of the neutron separation energy, Sn. The pure gamma-decay events should be found i n the region o u t l i n e d on Figure 17 , f o r which t h e sum Ey i s approximately equal t o E*(208Pb). I n order t o avoid confusion from the detection o f high energy p a r t i c l e s from the sequential decay o f 180 and 18F back t o 170 f o l l o w i n g t r a n s f e r reactions, an event was considered f o r f u r t h e r analysis only i f the l a r g e s t pulse height occurred i n a NaI element a t elab > 66'.
Fig. 16 -an i n t e r n a l view o f t h e s c a t t e r i n g chamber w i t h t h e charged p a r t i c l e telescopes mounted. The beam e n t e r s throughThis i s o l a t i o n o f gamma decay events i s i l l u s t r a t e d i n
Figure 17a
n experiments show t h a t a s i n g l e 15.1 MeV gamma ray t r i g g e r s , on t h e average, about t h r e e detectors and has a s i g n i f i c a n t p r o b a b i l i t y t o t r i g g e r as many as f i v e . Therefore, we have used the parameter k + k t o s o r t out ground s t a t e gamma decays. The hi are t h e i n d i v i d u a l gamma ray pulse heights recorded i n an event. These pulse he1 ghts can be assigned a d i r e c t i o n as w e l l as a magnitude by n o t i n g the p o s i t i o n i n t h e Spin Spectrogeter array o f the detector which produced them; hence, a "vector pulse height," h, (or apparent photon momentum vector) i s obtained f o r each t r i g g e r e d detector. V i s t h e r a t i o o f t h e magnitude o f t h e vector sum o f pulse heights t o the s c a l e r sum. For an event r e s u l t i n g from a s i n g l e gamma ray t h i s q u a n t i t y should be near one since only adjacent detectors are triggered. For a cascade decay i n v o l v i n g m u l t i p l e gamma rays V should approach zero as t h e number o f gamma-ray increases. Figure   17b i s t h e same p l o t as 17a, subject t o t h e a d d i t i o n a l requirement t h a t V > 0.95.
It i s c l e a r t h a t t h e r a r i t y o f t h e ground state, GR y-branch among t h e l a r g e "background" o f h i g h -m u l t i p l i c i t y cascade y-ray events requires a device having many y detectors and b geometry l i k e t h e Spin Spectrometer. Figure 18 shows the sum gamma-ray spectra obtained from t h e two-dimensional p l o t s such as f i g u r e 17. The r e s u l t s shown i n f i g u r e 18 are from those events located between t h e masks (diagonal l i n e s ) on f i g u r e 17. The s o l i d curve on f i g u r e 18 i s t h e y-ray spectrum f o r a l l values o f V, i .e. a l l gammas, and corresponds t o the data on f i g u r e 17a. The dashed curve corresponds t o y-events f o r which V a 0.98 ( f i g u r e 17b) and consists only o f gamma rays from ground s t a t e t r a n s i t i o n s . The peak at 2.61 MeV from the 3-s t a t e decay has t h e same number o f counts i n both spectra. This i s o f course expected since t h e s t a t e decays 100% t o t h e ground state. On t h e other hand, i n the region above -10 MeV the t o t a l y-branch exceeds t h e ground s t a t e y-branch by f a c t o r s o f 5-10. Figure 19 shows the r a t i o o f t h e s o l i d and dashed gamma-ray spectra i n f i g u r e 18, w h~c h i s equal t o the ground s t a t e gamma ray branching r a t i o , ryO/ryTotal. Figure  19 shows t h e regions o f e x c i t a t i o n i n 208Pb which have strang electromagnetic m a t r i x elements t o t h e ground state, i.e. very c o l l e c t i v e states. I n t h e high e x c i t a t i o n energy region such states are defined as giant resonances. The spectrum shows the 2.61 MeV, 3-, s t a t e which has a branching t o the ground s t a t e JOURNAL DE PHYSlQUE o f 100%. The peak at -4 MeV arises from e x c i t a t i o n o f the 2' and 4' states i n 2O8Pb. It i s not completely c l e a r what provides the strong ground s t a t e enhancements i n the 6 MeV region other than a group of 1-states i n t h a t energy region. The ground s t a t e branching r a t i o then f a l l s r a p i d l y a t t h e neutron separ a t i o n energy but begins t o r i s e again near 10 MeV. An obvious broad s t r u c t u r e i s observed i n t h e 10-17 MeV energy region. Two peaks are found i n t h i s region, one a t -11 MeV, t h e other a t -13.5 MeV. These energies correspond w i t h t h e known energies o f the giant quadrupole and g i a n t d i p o l e resonances, respectively. It i s t o be noted t h a t any L=4 o r 6 strength i n the GQR region would not have an observable ground s t a t e decay. Furthermore, t h e giant monopole resonance would not have a ground s t a t e gamma branch. Thus, the peaks a t 11 and 13.5 MeV are from "clean" e x c i t a t i o n s o f the GQR and GDR. It would o f course be o f great i n t e r e s t t o have t h e angular d i s t r i b u t i o n s o f t h e y-rays i n the 10-17 MeV region so one could s o r t t h e E l and E2 t r a n s i t i o n s . Such information i s contained i n the data but i s ~i u t yet and13ztci.
From the spectrum i n f i g u r e 19 it i s possible t o c a l c u l a t e t h e GQR ground-state decay width and thus, a model -independent B(E2).
(These values are preliminary. ) At present we must estimate t h e E l t a i l underlying t h e E2 peak; angular d i s t r i b ut i o n s w i l l u l t i m a t e l y allow a precise E2 determination. W e have also corrected t h e data f o r t h e underlying continuum. The continuum as defined by t h e s o l i d curve drawn i n f i g u r e 4 i s only 25-30% o f the t o t a l cross section i n t h e GQR region. W e believe t h e continuum i s l i k e l y t o have only a very small ground-state y-ray branch. The u n c e r t a i n t i e s we show include c o n t r i b u t i o n s from t h e background estimate and E l t a i l .
From t h e r a t i o o f the t o t a l i n e l a s t i c spectrum t o t h e i n e l a s t i c spectrum i n coincidence w i t h t h e GQR y-ground s t a t e branch we obtain:
W e assume t h e spreadin width of t h e GQR i n 2O8Pb i s equal t o t h e GQR experimentally observed width (rTotalq which we take as 2.4 r 0.2 MeV.
B(E2)e = 21 + 4 Wu, a f t e r c o r r e c t i o n f o r E l t a i l and underlying continuum.
For 100% EWSR, thus we f i n d t h a t the GQR i n 208Pb depletes 81 + 15% o f the EWSR. This value i s i n e x c e l l e n t agreement w i t h values deduced1 from i n e l a s t i c hadron scattering. The data also y i e l d a value o f 30% + 6% for t h e GQR ground s t a t e branch. JOURNAL DE PHYSIQUE i s t h e case, then a d i s t i n c t p r a y branch t o t h e 2.61 MeV, 3-, s t a t e should be observed i n our measurements.
Recent t h e o r e t i c a l studiesg have i n v e s t i g a t e d t h e spreading
F i g u r e 20 shows the r a t i o o f gamma-ray branching t o t h e 2.61 MeV, 3' , l e v e l t o t h e t o t a l gamma-ray decay as a f u n c t i o n o f e x c i t a t i o n energy i n 208Pb. W e feel the shape o f t h i s curve i s f a i r l y w e l l established, but t h e absolute branching could be o f f by -50% i n t h i s preliminary analysis. The branching drops q u i c k l y a f t e r a peak a t -8 MeV, then increases a t t h e energy o f the GQR. At higher e x c i t a t i o n energies no branch t o the 3-s t a t e i s observed. From these data we assign a prel i m i n a r y value o f 15-30% f o r t h e gamma branch from the GQR t o the 2.61-MeV, 3-, state.
Figure 21 summarizes t h e present status o f our measurements on the Y-branches from t h e GQR. W e f i n d 30% 2 6% o f t h e decay t o the ground state, and -15% t o the 2.61-MeVY 3' , state. W e observe extremely l i t t l e decay t o t h e 4.0 MeV, 2+, state. The remainder o f the decay seems t o be spread out among several 1-and 3-lowl y i n g states.
W e a l s o observe gamma-ray decay from t h e GQR e x c i t a t i o n energy region t o high s p i n (4-, 5 -) low-lying states. These decay branches and t h e percent feeding are stown on f i g u r e 22. It i s c l e a r t h a t these decay branches cannot be from t h e GQR (2 ), but must be from 4+, 5-, or.6' l e v e l s i n !he GQR reg!on.
Since it i s u n l i k e l y from t h e o r e t i c a l c o n s i d e r a t i~n s l~~ t h a t 5 strengsh i s locaied a t Ztiw, our gamma decay scheme c l e a r l y i n d i c a t e s t h e presence o f 4 and/or 6 strength i n the GQR region. This r e s u l t i s i n agreement w i t h t h e recent observation8 o f L=4 strength i n 208Pb a t 12.0 MeV using t h e (p,pl) reaction.
No decay t o high s p i n states was observed f o r 208Fb e x c i t a t i o n energies above -13.5 MeV.
The gamma decay from t h e region of the g i a n t d i p o l e resonance (GDR) and giant monopole resonance (GMR) i s shown on f i g u r e 23. One would expect t h e gamma decay o f t h e GDR t o consist o f an e s s e n t i a l l y 100% branch t o the ground s t a t e since t h i s s t r o n g l y enhanced E l t r a n s i t i o n should be orders o f magnitude stronger than any conceivable competing gamma t r a n s i t i o n . The peak a t -14 MeV i n f i g u r e 19 arises from gammas t o t h e ground s t a t e from the GDR. O f course, t h i s c l e a r l y shows t h a t t h e GDR i s excited by t h e 170 probe. It i s possible t o use these GDR y-rays t o check t h e c a l c u l a t i o n o f the Coulomb e x c i t a t i o n o f t h e GDR shown i n f i g u r e 11. At 13.5 degrees the GDR i s calculated t o have a cross section o f -3 mb/sr. This cross section represents only -5% o f the t o t a l counts i n t h e singles spectrum a t 13.6 MeV o f e x c i t a t i o n energy (see f i g u r e 4). I f we assume t h a t t h e GDR exhausts 100% o f t h e T=l, L = l EWSR then we c a l c u l a t e an expected number o f GDR gammas which i s i n agreement w i t h what we observe. I n a d d i t i o n t o t h e GDR ground s t a t e gammas the only other gamma-ray t r a n s i t i o n s observed from the GDR-GMR region are those t o low-lying 1-states shown on f i g u r e 23. These t r a n s i t i o n s are c e r t a i n l y from'the GMR and provide a unique signature f o r t h e GMR. B(E1) values f o r some o f these t r a n s i t i o n s w i l l be a v a i l a b l e a f t e r f i n a l analysis o f t h e data.
I n summary we emphasize the f o l l o w i n g points: 1) Heavy-ions i n t h e energy range of 25 MeV/amu have l a r g e cross sections f o r e x c i t i n g giant resonances excited via i n e l a s t i c scattering.
2) The peak t o continuum r a t i o i s very l a r g e f o r t h e GQR i n heavy-ion e x c i t at i o n .
3) Heavy-ion i n e l a s t i c s c a t t e r i n g angular d i s t r i b u t i o n s f o r t h e giant resonances are not very L-selective, a t l e a s t f o r heavy-ions up t o -25
MeV/amu . 4 ) Hi gh-excitation energy i n e l a s t i c heavy-ion spectra are contaminated by p r o j e c t i l e e x c i t a t i o n and decay. 5 ) The above observations l e a d us t o suggest t h a t heavy-ion e x c i t a t i o n o f g i a n t resonances may be most useful f o r decay experiments.
From our measurements o f t h e gamma decay o f t h e g i a n t resonances i n 208Pb:
6 ) The branching f o r ygas, from t h e GQR y i e l d s a p r e l i m i n a r y value:
B (E2)e = 21 + 4 Wu (81% + 15% EWSR)
7) The GQR y-branch t o t h e 2.61 MeV, 3-, s t a t e i s -15%.
8 ) The y-decay i n t h e GQR e x c i t a t i o n energy region c l e a r l y shows feeding t o h i g h s p i n s t a t e s , i n d i c a t i n g t h e presence o f L=4 o r L=6 s t r e n g t h i n t h e GQR region.
9 ) The y-decay r e s u l t s show t h a t both t h e GMR and GDR are e x c i t e d i n t h e heavy-ion i n e l a s t i c s c a t t e r i n g reaction.
